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Models and manipulatives are valuable for learning mathematics especially in primary 

school. These can be used to enhance understanding of concepts, mathematical reasoning, 

communication and problem solving. There have been many comprehensive reviews of 

the research on the use of concrete manipulatives. All have concluded that student 

achievement is increased as a result of being exposed to concrete materials by teachers. 

Sowell after analysing sixty studies between 1954 and 1984 found that the long-term use 

of concrete instructional materials enhances achievement and improves students’ 

attitudes toward mathematics if the teachers are knowledgeable about the use of concrete 

materials
1
. Lack of commercial availability or adequate finances can be overcome by 

using manipulatives that can be made with readily available cheap materials. In this paper 

we suggest some activities using sticks for enhancing understanding of concepts and 

operations on whole numbers, some concepts in geometry and problem solving.  

 

Concept of Numbers 1-9 

 

Show children a chart having many examples of a specific number of objects say two and 

tell him there are two objects (name each). Repeat with each of other numbers 

 

After the child can make one to one correspondence show him some objects and ask him 

to set aside as many sticks as the objects. 

 

After he has learnt to count up to ten, demonstrate by a number of examples that you can 

find the number of objects by saying the numbers in order as you touch each object once 

only. The last number gives the number of objects. Then ask children to 

 

1. Find number of sticks in a collection of 1-9 sticks. 

2. Set aside a specific number (1-9) of sticks. 

3. Write the numbers 1-9. 

 

Comparison of numbers 1-9 

Set aside two collections of specific number of sticks. 

Compare two collections by matching and ask them to tell which collection has more or 

fewer number of sticks. 
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Concept of zero 

Hold some sticks in your right hand and no sticks in left hand and ask children how many 

sticks do I have in right hand and then in left hand. After they say no sticks, no sticks or 

absence of sticks is denoted by zero. We write zero like this-0 

Provide practice of saying zero for objects that are not present in the classroom. 

 

Numbers 10-20 

After students have mastered writing numbers 1-9, numbers 10-20 may be introduced 

each as one more than the previous one together with their names. Then they may be 

asked to  

* Specify the number of rod in a collection of 10-20 sticks by using one-one 

correspondence of sticks with number names. 

* State the number of rods in pictures of collection of 10-20 sticks. 

* Set aside 10-20 sticks 

 

Concept of place value 
 

As the number of objects increases it becomes cumbersome to count and compare them. 

If we group a certain number of objects, it becomes easier. Number system we use is 

based on ten. So we group 10 objects say sticks by forming a bundle of those using a 

rubber band. Thus, we would have one bundle of ten sticks and some loose sticks for 

numbers 11-19 and only 1 bundle of ten-sticks for ten and 2 bundles of ten sticks for 20 

sticks. 

 

The objects can now be counted by forming groups of ten e.g. for counting more than ten 

sticks first form bundles of ten sticks by using rubber bands and count forward the 

number of single sticks. If five sticks are left over after forming a bundle of ten then the 

number of sticks counting 5 numbers forward from 10 is 11, 12, 13, 14 and 15. Thus the 

number of sticks is 15. Similarly, other collections of 11 to 19 sticks can be counted.  

The pictures of objects can be counted in the same manner by enclosing ten objects in a 

rectangle or oval. 

 

Writing of numbers 10-20 

The method of writing numbers is based on grouping by ten; the numeral on the left 

represents the numbers of tens and the numeral on the right the number of ones. This 

enables us to write all numbers by learning only ten numerals - 0, 1, 2, 3, 4, 5, 6, 7, 8 and 

9. These are called digits. 

 

Concept of zero as a place holder 

Note if we have ten sticks and make a bundle of ten sticks, we have one bundle of ten 

sticks and no sticks are left over. One and zero in 10 denotes one bundle of ten sticks and 

zero loose sticks. Similarly if we have twenty sticks and make bundles of ten sticks we 

have two bundles of ten sticks and zero loose sticks. Two and zero in 20 denote two 

bundles of ten sticks and zero loose sticks. Zero here is used as a placeholder so that 1 in 

10 or 2 in 20 denote tens. 



After students have mastered writing numbers 10-20, number 21-100 may be introduced 

as bundles of ten-sticks and 1-sticks and their number names. 

 

Provide practice in counting from 1-100 and provide the activities given below: 

 

1. Set aside 21-100 sticks and make as many bundles of ten-sticks as you can and tell 

how many bundles of ten-sticks you could make and how many loose sticks were left 

over. 

2. Set aside 10-99 sticks given bundles of ten-sticks and one-sticks. 

3. Specify the number of sticks given a collection of ten-sticks and one-sticks. You may 

count as many numbers by tens as ten-sticks and then as many numbers by ones as 

single sticks. For example if you have 3 ten-sticks and 6 loose sticks, count by ten 3 

numbers-10, 20 and 30 and then count forward 6 numbers-31, 32, 33, 34, 35 and 36. 

Thus the total number of sticks is 36. 

4. State the number of sticks in pictures of collection of ten-sticks and one-sticks. 

 

Writing of numbers 21-99 

We can write the numbers 21-99 by writing the number of bundles of ten sticks and then 

the writing the number of one-sticks to its right. e.g. 4 bundles of ten-sticks and 6 one-

sticks is 46, 8 bundles of ten sticks and 3 single sticks as 83 and 5 bundles of ten sticks 

and no single sticks as 50. 

 

Numbers 100-999 

Number ninety-nine objects, is represented by 9 bundles of ten sticks and 9 single sticks. 

If we add one more stick to it the collection will have 10 single sticks, which can be 

grouped into one more bundle of ten sticks giving us 10 bundles of ten sticks. As our 

number system is based on ten, as soon as we have ten of a group, we group these into a 

bigger group with a new name. We group 10 bundles of ten-sticks and call it a bundle of 

hundred sticks. We need a place for writing it; we use a place to the left of tens called 

hundred’s place to write it. As the number one more than 99 has 1 hundred, 0 tens and 0 

one, we write it as 100. The numbers from hundred onwards increase by 1 as in the 

hundred table given below reading from left to right beginning with the fist line followed 

by lines below that. 

100 101 102 103 104 105 106 107 108 109 

110 111 112 113 114 115 116 117 118 119 

120 121 122 123 124 125 126 127 128 129 

130 131 132 133 134 135 136 137 138 139 

140 141 142 143 144 145 146 147 148 149 

150 151 152 153 154 155 156 157 158 159 

160 161 162 163 164 165 166 167 168 169 

170 171 172 173 174 175 176 177 178 179 

180 181 182 183 184 185 186 187 188 189 

190 191 192 193 194 195 196 197 198 199 



Similarly numbers from 200-299, 300-399... may be written replacing the 1 in hundred’s 

place by 2, 3... respectively in the above table. 

 

We name three digit numbers as number of hundreds followed by the name of two digit 

number e.g. 453 as four hundred fifty three, 710 as seven hundred ten and 308 as three 

hundred eight and 900 as nine hundred. 

 

Provide practice in counting by 10 beginning with any number by reading the numbers in 

that column. 

 

Representation of three digit numbers by sticks 

We can represent three-digit numbers by sticks using groups of hundred-sticks, ten-sticks 

and one-sticks. Thus 647 sticks are equivalent to the bundles of sticks given below: 

     
 

TEN TEN TEN TEN

 
 

       
 

As use of bundles of hundred sticks would get cumbersome, we can use sticks of varying 

thickness to represent bundles of hundred-sticks, ten-sticks and one-sticks. With the rule 

that we can exchange a ten-stick with ten single sticks and one hundred stick with ten ten-

sticks as we can exchange a ten-rupee note with ten one rupee notes and a hundred rupee 

note with ten ten-rupee notes. 

     
 

TEN

     
 



    
1. Show the following numbers of sticks using single sticks, ten-sticks and hundred-

sticks:  

245, 111, 346, 563, 687, 190, 972, 284, 339, 453, 700, 487 and 560. 

2. Show them many groups of hundred-sticks, ten-sticks and single sticks and ask them 

to find total number of sticks. You may count as many numbers by hundreds as 

hundred sticks, then as many number by ten as ten-sticks and then as many numbers 

by ones as single sticks. For example if you have 5 hundred sticks, 7 ten-sticks and 2 

loose sticks, count by hundred 5 numbers-100, 200, 300, 400 and 500, count by ten 7 

numbers-510, 520 and 530, 540, 550, 560 and 570 and then count forward 2 numbers-

571 and 572. Thus the total number of sticks is 572. 

 

Once the children master these they can easily extend these concepts to expanded 

notation, short forms and to four and more digit numbers. 

 

Addition  

 
Addition of one-digit numbers or addition facts 

Addition is finding how many sticks in all would be there when two collections of sticks 

are combined. Ask students to 

 

1. Set aside two separate heaps of the specific number of sticks. Combine the two and 

find the number of sticks in the combined heap. Give examples and tell how to write it 

in symbols Repeat with different sets of collections  

2. First set aside a heap of specific number of sticks and add to it another specific 

number of sticks and find the total number of sticks. Give examples and tell how to 

write it in symbols. Repeat with different one digit numbers.  

 

Addition of zero 

Ask students to hold a specific number of sticks in their right hand and no sticks in the 

left hand and tell how many sticks they have in all? Repeat it with other numbers 

emphasizing there are zero sticks in left hand till the children discover zero added to any 

number gives the number. 

 

Addition of two-digit numbers that do not require exchange 

1. Set aside two separate heaps of the specific number of ten-sticks. Combine the two 

and find the number of ten-sticks in the combined heap. Let them make the 

generalisation addition facts are the same whether you add single sticks or ten-sticks. 

2. Set aside two separate heaps of the specific number of ten-sticks and one-sticks. 

Combine the two and find the number of ten-sticks and single sticks in the combined 

heap.  



3. Write it using expanded form of numbers. How many sticks in all do you have in all? 

4. Write it in symbols as addition statement e.g. 5 + 6 = 11. 

 

Addition of two-digit numbers with renaming 

1. Set aside two separate heaps of the specific number of bundles of ten sticks and single 

sticks. Combine the two and first find the number of single sticks and bundles of ten 

sticks in the combined heap. If the number of single sticks in the combined heap is 

more than ten then make a bundle of ten sticks by using a rubber band, how many 

bundles of ten sticks do you have now? How many sticks do you have in all? 

2. Write it using expanded form of numbers.  

3. Write it in symbols as addition statement. 

 

Addition of three-digit numbers with renaming 

Activities similar to two digit numbers may be used. It would now involve sticks that 

differ in thickness and would require exchange of 10 one-sticks for a ten-stick and 10 ten-

sticks for a hundred-stick if the number of one-sticks or ten-sticks after addition is larger 

than 10 

 

Subtraction 
 

Subtraction facts 

Subtraction facts are facts related to addition of one digit numbers e. g. subtraction facts 

that correspond to addition 6 + 4 =10, are 10 – 6 = 4 and 10 – 4 = 6. 

There are three models of subtraction 

1. How many sticks would be left if some sticks (0-9) are taken away from a collection 

having more sticks than these? Give examples and tell how to write it in symbols as 

subtraction statement. 

2. Set aside two separate heaps of the specific number of sticks. Find which heap has 

more or fewer sticks and how many more or fewer? Give examples and tell how to 

write it in symbols as subtraction statement. 

3. First set aside a heap of specific number of sticks and then find out how many more 

would be needed if you wanted to have a specific number of sticks. Write it in 

symbols. 

 

Subtraction of zero and a number so that the answer is zero 

1. Set aside a specific number of sticks and ask how many would be left if zero sticks are 

taken away from these?  

2. Set aside a specific number of sticks and ask how many sticks should be taken away 

from these so that no sticks are left?  

3. Write it in symbols. 

 

Subtraction of two-digit numbers that do not require exchange 

1. Repeat activities similar to subtraction facts using bundles of ten-sticks 

2. Repeat activities similar to subtraction fact using bundles of ten-sticks and single 

sticks.  

3. Write it in expanded notation. How many sticks do you have in all now? 



4. Write it in short notation. 

 

Subtraction of two-digit numbers with renaming 

1. Set aside a heap of specific number of ten-sticks and one-sticks that represents the 

number. Represent the number of sticks to be taken away as ten-sticks and one-sticks. 

If the number of one-sticks to be taken away is larger, then open one bundle of ten-

stick in the larger number and combine these with single sticks in that. Now take away 

the single sticks from single sticks and ten sticks from left over bundles of ten-sticks. 

How many sticks is that?  

2. Write it using expanded form of numbers. How many sticks do you have in all now? 

3. Write it in short notation. 

 

Subtraction of three-digit numbers  

Activities similar to two digit numbers may be used. It would now involve sticks that 

differ in thickness and would require exchange of 10 one-sticks for a ten stick and 10 ten-

sticks for a hundred-stick if the number of one-sticks or ten-sticks to be subtracted is 

greater than number of sticks in the larger number. 

Write it using expanded form of numbers. How many sticks do you have in all now? 

Write it in short notation. 

 

Multiplication 
 

Multiplication facts 

Multiplication of two one digit numbers is called a multiplication fact. These may be 

modeled by combining a specific number (1-9) heaps of sticks of equal size (1-9) and 

counting them. 

 

The multiplication facts may also be obtained by laying vertically as many sticks as the 

number of groups and crossing these by laying horizontally as many sticks as the number 

of sticks in each group and counting the number of points where thy meet. That count 

would be the same as the count obtained by counting all the sticks in the group.  

For example to find 4 + 4 + 4 we may lay down 3 heaps of 4 sticks and count them which 

is 12. Or lay down three sticks vertically and cross these with 4 sticks horizontally and 

count the points where they cross marked by small circles. Again the count is 12. 

We write it in symbols as 4 × 3 = 12. 

 

 

  

 

               Or   

 

Multiplication of tens by a one digit number  



Lay as many bundles of ten sticks as tens and as many groups of these as the one digit 

number and count the ten bundles. For example to find 30 × 5 lay 3 bundles of ten sticks 

five times and count them all. 

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 

TEN

 
 

We would then have 15 bundles of ten sticks or 150 sticks in all. We may write it in 

symbols as 30 × 5 = 150. 

Give more examples. 

 

Multiplication of a two digit number by a one digit number that does not require 

exchange 

Represent the number by bundles of ten sticks and single sticks. Count the single sticks 

and then the ten bundles. For example to find 23 × 3 lay 2 bundles of ten sticks and 3 

sticks three times. First count the single sticks that is 9 and then bundles of ten sticks 

which is 6. Thus we have 6 bundles of ten sticks and 9 single sticks or 69 sticks in all. We 

may write it in symbols as 23 × 3 = 69 

 

TEN

 

TEN

     

TEN

 

TEN

     

TEN

 

TEN

         
 

Multiplication of a two digit number by a one digit number that requires exchange 

Represent the number by bundles of ten sticks and single sticks. Count the single sticks 

and bundles of ten sticks, if the number of sticks is more than 10, then make as many ten 

bundles as you can and add these to the bundles of ten sticks. Represent these by a 

number. For example to find 46 × 2 lay 4 bundles of ten sticks and 6 single sticks twice. 

Count of the bundles of ten sticks is 8 and that of single sticks is 12. Make a bundle of ten 

sticks from these so we have 9 bundles of ten sticks and 2 single sticks, that is, 92 sticks 

in all. We may write it in symbols as 46 × 2 = 92. 

Write it in expanded notation. 

Write it in short form. 

 

Multiplication of a three digit number by a one digit number  
Activities similar to the two digit number may be used. It would now involve sticks that 

differ in thickness and would require exchange of 10 one-sticks for a ten stick and 10 ten-

sticks for a hundred-stick if the number of one-sticks or ten-sticks in the count is larger 

than 10. 

 



Division 
 

Division facts 

Division facts are the facts related to multiplication of one digit numbers e. g. Division 

facts related to multiplication 6 × 4 =24 are 24 ÷ 6 = 4 and 24 ÷ 4 = 6.  

These may be modeled by asking student to  

1. Set aside as many sticks the total number of objects to be shared and make sets of size 

as the other number and count the number of sets. For example to find 9 ÷ 3, set aside 

9 sticks and make sets of 3 sticks till you have used all the sticks and count the number 

of sets which is 3. We may express it in symbols as 9 ÷ 3 = 3. 

 

           
2. Distribute a specified number of sticks equally to a specified number of people how 

many sticks will each get? For example distribute 12 sticks equally among 4 children, 

how many will each get? Give one stick to each child after you have given one to 

each, start over again and give one more to each child. Continue in this manner till all 

the sticks are used and then count the number that each got? 

 

            
 

 

 

 

      
 

Division with a remainder 

It is not always possible to make an exact number of equal groups of a given size from a 

number of objects. We can do it only if the divisor is a factor of the number. For 

example, if there are 21 sticks and we want to make sets of 5, after we have made 4 sets 

of 5 and used 20 sticks, 1 stick is left over.  

 

Here 21 is called the dividend, 5 the divisor and 4 the quotient and 1 is called the 

remainder. We can check if a division is correct by multiplying the divisor and quotient 

and adding the remainder to the product, it should be equal to the dividend (5 × 4) + 1 = 

20 + 1 = 21 the same as dividend. We can write it in long division form as 



4

1

20

215  

 

Division of a three digit number by a one digit number  
We can divide three-digit numbers by one-digit number by using sticks. We would 

represent hundred sticks by a thick stick, a ten stick by a thinner stick and a one stick by 

the thinnest stick with the rule that 10 one-sticks can be exchanged for a one ten-stick and 

10 ten-sticks can be exchanged for a one hundred-stick.  

To divide a three-digit numbers by one-digit number, 

1. We set aside as many sticks as the dividend using hundred-sticks, ten-sticks and one-

sticks. 

2. If the number of hundred-sticks is greater than the divisor, we distribute the hundred-

stick equally in as many heaps as the divisor and find out how many hundred-stick 

have been used and how many have been left over. The number of hundred-sticks in 

each heap gives the number of hundreds in the quotient. We then exchange the left 

over hundred-sticks with 10 ten-sticks and combine them with ten-sticks that are there 

which gives the number of ten-sticks.  

If the number of hundred-sticks is less than the divisor, we exchange those with ten-

sticks and combine them with ten-sticks that are there.  

3. If the number of ten-sticks is greater than the divisor, we distribute these equally as 

many heaps as the divisor and find the left over ten-sticks. The number of ten-sticks 

in each heap gives the number of tens in quotient. If the number of ten-sticks is less 

than the divisor, it would be zero. 

We then exchange the left over ten-sticks with 10 one-sticks, combine them with one-

sticks that are there. 

4.  Distribute one-sticks equally in the heaps made earlier. The number of one-sticks in 

each heap gives the number of ones in quotient. 

5. The number of left over one-sticks gives the remainder.  

For example, to divide 924 by 8, set aside 924 sticks using hundred-sticks, ten-sticks and 

one-sticks. 

Distribute them equally in 8 heaps, starting with hundred-sticks. 

How many hundred-sticks you could place in each heap? (1) 

How many hundred-sticks were used?(800) 

How many hundred-sticks were left? (1) 

Exchange left over hundred-sticks for ten-sticks, how many ten-sticks do you have now 

(12)? 

Distribute these equally in 8 heaps made earlier. How many ten-sticks you could 

distribute in each heap? (1) 

How many ten-sticks were used? (8)  

How many ten-sticks were left? (4)  

Exchange left over ten-sticks with one-sticks, how many one-sticks do you have now? 

(44) 

Distribute these equally in 8 heaps made earlier. 



How many one-sticks you could distribute in each heap? (5)  

How many one-sticks were used? (40) 

How many one-sticks were left? (5) 

How many sticks are there in all in each heap?(115) 

How many sticks are left over? (4)  

We may write it in long division form 

115

4

40

44

80

124

800

9248  

 

Here 924 is the dividend, 8 the divisor, 115 the quotient and 4 the remainder. 

We can verify the answer by 115 × 8 + 4 = 920 +4 = 924 

We have restricted to the use of sticks as these can be easily be procured and are very 

versatile. Other manipulatives like Dienes’ blocks, abacus, paper money etc. can be used 

and should also be used if possible. Multiple representations of concepts and procedures 

further enhance their understanding by freeing them from physical objects. After students 

have sufficient experience with manipulatives and procedures with expanded notation, 

short algorithms may be taught. Multiplication by two digit and three digit numbers and 

division by two digit numbers may be taught first by long algorithm and then by short 

algorithm. 

 

Geometry 
 

Patterns in shapes 

Continue the pattern made with toothpicks given below: 

 
Make a table showing the number of tooth picks needed to make 1,2,3, 4,5 and n squares.  

Continue the pattern made with toothpicks given below: 

 

 

 

 



 

 

Make a table showing the number of tooth picks needed to make 1,2,3, 4,5 and n 

triangles. 

Make your own patterns and continue patterns made by others. 

 

Solve problems with tooth picks 

1. Figure given below is an array of 17 tooth picks and forms 6 squares. Remove exactly 

6 tooth picks as to leave exactly 2 squares. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Make 4 equilateral triangles using 6 matches. 

3. Use as few tooth picks as possible to make 6 squares. 

4. Remove 3 matches to make 3 triangles 

 

 

 

 

 

 

 

 

 

5. Move 3 matches to make 3 squares 

 

 

 

 

 

 

 

 

 

 



 

 

Remove 6 matches to make 5 squares with the same size that are connected.  

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Make more problems like these. 

7. Solve problems made by your classmates. 

(For answers to problems 1-6 see Appendix 1.) 

 

Make 2-D and 3-D shapes 

We can make 2-D and 3-D shapes by using tooth picks and small plasticine balls. 

 

Squares and Cubes 

Take 4 tooth picks and 4 balls. Poke the tooth picks into the balls to make a square with a 

ball at each corner. Poke another tooth pick into the top of each sweet. Put a sweet on top 

of each tooth pick. Connect the balls with tooth picks to make a cube. 

 

Triangles and Pyramids 

Make a triangle using 3 balls and 3 tooth picks. Poke a tooth pick into the top of each 

ball, and bend these 3 into the centre; now poke them into the 4th ball to make a pyramid. 

Now make a square based pyramid by first building a square base and then 4 triangular 

sides. 

Make a pentagonal, hexagonal pyramid by first building a pentagonal base and then 5 

triangular sides. 

 

Angles 

Make by toothpicks  

* An acute, an obtuse, a right and a straight angle. 

* A pair of angles which are adjacent 

* A pair of angles which are complementary 

* A pair of angles which are supplementary 

 

Properties of triangles 

If possible make triangles with the 3, 4, 5, 6 and 7, ….tooth picks and classify them as 

equilateral, isosceles and scalene. If you could not make triangles with some numbers of 



tooth picks can you explain why? (The sum of two sides should be greater than the third 

side) 

 

Properties of quadrilaterals 

Make a 

* square  

* rectangle that is not a square 

* parallelogram that is not a rectangle 

* rhombus that is not a square  

* trapezoid. 

Compare these with that of another student. Does your figure differ from his? If yes how? 



Appendix 1 
 

 

Answers to problems  
 

1. 

 

 

 

 

 

 

 

 

 

 

 

2. 

3.

 
 

4. 

 

 

 

 

 

 

 

 

 

 



5. 
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