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Mathematics Investigation - 
Magic Squares 

CHAl CHEE MENG 

Like learning most subjects in schools, children learn mathematics 
best by doing and making the concepts and skills of mathematics their 
own. Therefore, it is essential that activities designed for students to 
discuss and investigate mathematical ideas be encouraged in the 
teaching and learning of mathematics. 

For example, teachers may use magic squares to stimulate 
discussions. There is tremendous scope for students to apply and test 
their mathematical skills in their creation of magic squares. Some areas 
that can be considered are: 

- What is a magic square? 

- Types and examples of magic squares. 

- Algebraic magic squares. 

- Reflection and rotation of terms in a magic square. 

- How to construct magic squares? 

- Sum of numbers in a row/column/diagonal of a n X n magic 
square. 

o What is a magic square? 

An apparently simple and yet challenging problem to students is 
the familiar magic square: 

Using the consecutive integers from 1 through 9, fit them into a 3 
by 3 square so that the sum is the same for all rows, columns, and 
diagonals. Students generally use trial and error and arrive at a 
solution. (Fig. 1). It is apleasant and interesting activity, which provides 
practice in addition and may be extended by varying the integers used 
to fill the square. 
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Fig. 1 

o Generating more magic squares. 

New but similar magic squares may beconstructed by multiplying 
each number of the original by a constant multiple. The sum of the rows 
will be the multiple of the original sum. For example, multiply each 
number in Figure 1 by 5. The resulting magic square (Fig. 2) has a 
column sum of 15 X 5 = 75. Students can gain much practice in 
multiplication by choosing a multiple of the original and forming their 
own magic squares. 

Fig. 2 

o Algebraic magic squares. 

We can extend this work to algebra by placing algebraic statements 
in the boxes instead of integers as shown in Fig. 3. In this way, we offer 
a good deal of practice in the addition of polynomials. Here too, 
students can design their own squares, and the construction process 
offers still more practice with algebraic skills. There are numerous 
possibilities. - 
- 

Fin. 3 
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o Reflection and rotation of terms in a magic square. 

When the students find magic squares by trial and error, they 
come up with a variety of solutions, not simply the one shown in Fig 1. 
Some of these are shown in Fig 4. 

Fig. 4 

Look at these squares and compare them with the original in Fig 
1. Although the integers are in different positions, the relationships 
between the numbers have not been touched. We have an excellent 
example of the geometric transformation of reflection (square a) and 
rotation (squares b and c) with regard to theoriginal square. Subjecting 
the square to these transformations does not alter its status as a magic 
square. In this. way, we add transformational geometry to the 
mathematics of the magic square. 

o How to construct magic squares? 

The construction of a 5 X 5 magic square is as follows: 

The diagram for a 5 X 5 square shows the rule in order: (The 
upward diagonals). 

C 
(main diagonal) 
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The squares are constructed according to the following simple 
rules: 

1. Start by placing the number 1 in the middle column at the top. The 
number (0) is part of diagonal A. Complete this diagonal. 

2. When a diagonal is completed, drop down a box. Start with X then 
I , *and #. 

3. Follow the same pattern, drop down a box and continue until all 
upward diagonals are complete. 

The completed magic square, Fig. 5, (adding to 65) horizontally, 
vertically and diagonally) is as follows: 

Fig. 5 
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Using this rule, very quickly construct 7 X 7,9 X 9,11 X 1 1,13 X 13 magic 
'squares. It works on quite large squares (15 X 15) in Fig. 6. 

Fig. 6 Sum = 1695 
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It will work for very large odd magic squares. What started out as 
interesting drill material for the average pupils quickly turns into a 
challenge worthy of your gifted pupils. Students can also find patterns 
for magic squares of even-numbered orders (e.g. 4 X 4). 

The sum is 34 

Fig. 7 Fig. 8 

The steps for making a fourth-order magic square are as follows: 

1. Write the numerals naming the whole numbers from 1 to 16 in 
order shown in Fig. 7 then interchange the numerals in the 
opposite corners diagonally. 

2. The arrows in Fig. 7 show how to interchange the remaining 
numerals. Note that some of the numerals do not change their 
position. (See the complete square in Fig. 8). 

o Sum of numbers in a row/column/diagonal of a n X n magic 
square. 

The magic constant for the third order square is 

(or 5 X 3 = 15) 

Looking for pattern, the magic constant for the fifteenth order 
square is 

(15 X 113 = 1695). 

In general, forn X n magic square the magic constant is given by 
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Summary and Implication 

Magic squares are rich mines of pattern-finding ideas, leading to 
many areas of mathematics common to the school curriculum. The 
feedback from student teachers is that the teaching of magic squares 
is useful, as it will expose to their pupils interesting ideas in mathematics 
and hence cultivate in them an interest in mathematics. 

There is flexibility in magic square. It gives practice in computation 
in an interesting way. It can be used in the teaching of algebra and 
transformation geometry. Above all, it is interesting and enjoyable. 
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