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The present Grade 11 Mathematics syllabus 
(Department of Education 2002a) and the 
new FET National Curriculum Statement 
(Department of Education 2002b) refer to 
three methods for solving a quadratic 
equation. In the FET National Curriculum 
Statement this is found under Learning 
Outcome 2: Patterns, Functions and 
Algebra, and the assessment standard on 
quadratic equations.  Grade 10 learners 
cover the method of solving certain 
quadratic equations by the so-called 
factorisation technique. This implies that 
learners in Grade 11 have acquired the 
knowledge and abilities to solve quadratic 
equations by the factorisation technique. 
The new methods that they have to be taught 
are the method of completing the square and 
the use of the quadratic formula – and the 
latter itself is derived from the method of 
completing the square. 
 
My experiences while training pre-service 
and in-service mathematics teachers during 
the period 1992 to 2002 indicated that many 
teachers introduced the method of 
completing the square to solve quadratic 
equations by using the traditional algorithm, 
namely: 
 

In ax2 + bx + c = 0 the coefficient of  x2  must be 1; 
add [half (the coefficient of x)]2  to both sides of 
the equation  

 
While the use of such an algorithm is fine, 
when applying the method of completing the 
square, it is not ideal to introduce the 
method in such an abstract manner. 
Research into the history of solving 
procedures of quadratic equations revealed a 
geometrical justification for the method of 
completing the square.  
 
 
 

Brahmagupta, an Indian mathematician in 
the seventh century AD, gave an interesting 
rule for finding one of the two positive roots 
of the equation x2 – 10x = – 9  (Wrestler 
1989).  An examination of the records 
indicates that Brahmagupta used a rhetorical 
style to describe his method to find one of 
the roots of the equation. His method was 
essentially the same as what is today known 
as the method of completing the square (for 
details refer to Wrestler, 1989). Al-
Khowarizmi (eighth century AD), whose 
work was largely based on Brahmagupta's 
work (Lal, 1985), used geometry to justify 
the procedure on which Brahmagupta's 
method was based [see Figure 1 on the 
following page]. McQualter (1988) notes 
that Brahmagupta contributed  the most to 
the solution of the  quadratic equation in that 
he provided general solutions and accepted 
two roots even if one was negative. The first 
known use of negative numbers was by 
Brahmagupta in about 628 AD (Lal, 1985). 
 
Al-Khowarizmi’s geometrical justification 
of Brahmagupta’s procedure could 
effectively be used to introduce the method 
of completing the square to learners in 
Grade 11. The activity below was designed 
to lead to a discussion with geometric 
justification of the method of completing the 
square. 
 
In Grade 11 finding the roots of  
ax bx c2 0+ + =  where a, b and c are rational 
(a ≠ 0) is done. Instruction in Grade 11 
could begin with a recap of simple 
knowledge by posing the following type of 
questions, probably in an assignment. 
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Activity 
 1. What is the standard form of a quadratic equation? 
 2. State the different methods that can be used to solve quadratic equations. 
 3. Solve for  x  in the following quadratic equations: 
 3.1   x x2 10 39+ =  
 3.2   x x2 6 4= −  
 4. Verify the solutions that you obtained for the equations in 3 above. 
 5. Can you find a way of solving the quadratic equation in 3.2 above? Explain. 
 
 
After the learners have attempted the task 
outlined above, there should be a class 
discussion. The first equation in question 3 
can be solved by the factorisation technique. 
However, the second equation cannot be 
solved by this technique. A graphical 
method to solve this equation yields only 
approximate solutions. Therefore there is a 
need to focus on other methods to solve 
such quadratic equations. 
 
This sets up an ideal opportunity to discuss 
al-Khowarizmi’s method to solve the 
quadratic equation x x2 10 39+ =  by the 
method of completing the square, with a 
geometrical justification. 
 
Figure 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
The term  x2 is linked to the square with area 
x2 and side x. Then 10x is linked to two 
rectangles A and B each with area 5x. The 
sides x units of these rectangles are placed 
along adjacent sides of the square. Note that 
this is where halving the coefficient of 10x 
in the algorithm comes in. Finally, to 
complete a new square with sides of   (x + 5)  
units, a square with area (5)2 square units 
must be drawn [see dotted lines]. 

 
Now from the sketch, 
 
( )

64
)3910 since(2539

25105
2

22

=
=++=

++=+

xx

xxx

 
Therefore 645 =+x  which gives x = 3. 
 
Note that since the geometrical justification 
is dimension based, x + 5  which represents 
the length of the side of the square cannot 
take the numerical value 64− .  So 
although this geometric approach can be 
used to bridge the gap between algebra and 
geometry in Grade 11, it is necessary to treat 
x + 5  in an abstract number sense (instead of 
as a positive length) when the step  
( )x + =5 642  is arrived at. This will result in 
the implication that the number 
x + = ±5 64 , from which the two roots of 
the given equation can be found. 
 
After the second equation in question 3 is 
written in the equivalent form x x2 4 6+ = , 
the same procedure with geometrical 
justification can be used to solve this 
equation. From these two examples an 
algorithm can be developed for solving 
quadratic equations by the method of 
completing the square. Gradually quadratic 
equations with the coefficient of  x2  not 
equal to 1 should be introduced (to be 
solved algebraically). The algorithm that 
was developed must be refined. This must 
be followed by suitable quadratic equations 
(with numerical coefficients) to be solved by 
the method of completing the square, in 
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order to develop the algorithmic skills that 
are required.  
 
The geometric approach to the method of 
completing the square provides visual 
justification for some of the steps in the 
traditional algorithm for the method of 
completing the square. This justification is 

important since it aids in the sense-making 
of these steps in the algorithm, and therefore 
understanding and appreciation of the 
algorithm. Further, the geometric approach 
bridges the gap between algebra and 
geometry.  Connecting, sense-making and 
justification are important pre-requisites for 
proper understanding. 
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