
COMPUTER SUPPORT OF TEACHING PLANE GEOMETRY BY 
MEANS OF LATEX 

P. Monina1, A. Naziev2 
1 State Social-Humanitarian University (RUSSIAN FEDERATION) 

2 Ryazan State University (RUSSIAN FEDERATION) 

Abstract 
Computer technology is used ubiquitously in modern life. The science teaching is no exception. Our 
research with prof. A. Naziev «LaTeX as an ideal tool for integration of ICT and mathematics in 
science teaching» (http://conference.pixel-online.net/NPSE/files/npse/ed0006/FP/3570-ESM2302-FP-
NPSE6.pdf) show that desktop publishing system LaTeX is the ideal means of integration of computer 
technology and mathematics in the science teaching. This is due to its numerous extensions. We will 
focus on the extension tkz-euclide created by mathematics teacher Alain Matthes (France). This 
extension makes it possible to easily create correct and sightly drawings by means of LaTeX. 

In our paper, we will consider the possibilities and advantages of these tools in teaching math. We 
give examples of codes for an output of drawings to some problems in geometry. It will be seen that 
only well-known mathematics and intuitively understandable commands from LaTeX are needed to 
create these codes; for example, \tkzDrawLine (draw the line), \tkzLabelPoint (denote a point) etc. 
This shows that tkz-euclide can be successfully used by mathematics teachers. They can create their 
own electronic materials to the lessons. Moreover, teachers can teach pupils to create 
abovementioned drawings using tkz-euclide because for this work no additional abilities in 
programming required. Also, we will show that by means of tkz-euclide it is possible to illustrate 
visually fulfillment of properties of many geometrical objects. 
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1 INTRODUCTION  
Contemporary world has been making more and more complicated demands on the process of future 
professionals training. In order to be competitive nowadays, they are to have not only the necessary 
knowledge in the sphere of their professional activity but also be capable of implementing the 
headway achieved in other spheres.  

The process of computer technologies integration almost in all aspects of life might be a clear example 
of this very fact.  Pedagogy is no exception. The modern teaching methodology envisages the 
opportunity to apply different computer tools in the classroom, but it is not always the case we might 
speak concerning the above-mentioned integration. A computer is oftentimes an up-to-date analog to 
a classical school board, but even in this case teaching of mathematics faces certain difficulties for a 
presentation of the material requires appliance of a number of specific symbols along with the 
necessity to plot the charts. There appears a need for a dedicated computer program.  

Our research reveals that the LaTeX publishing system, being popular in the scientific environment, 
might be used in this way, first of all, because it provides the possibility to type complicated 
mathematical, chemical, and other specialized texts. To date, LaTeX has greatly increased its capacity 
through numerous enhancements. For instance, the "beamer" extension makes it possible to create 
PDF-encoded interactive e-tutorials to be used during the math lessons without using any additional 
programs.  

We would elaborate further on the tkz-euclide extension. It was worked out by French mathematician 
Alain Matthes and is intended for creating of geometrical drawings of varying difficulty. The features of 
this extension are described in detail by the author on his website [1]. What are the advantages of tkz-
euclide are considered to be helpful for mathematics teachers? No additional programming skills are 
required to create the required drawing, except for the knowledge of several intuitive commands such 
as example, TkzDrawPoints, TkzlabelSegment and some others. Unlike many other similar programs, 
tkz-euclide was originally created to build mathematical drawings, consequently, any user familiar with 
the appropriate commands can easily identify angles and equal lines, as it is accepted in geometry, 
measure distances (as in the case of using the compass), draw dashed  "invisible" sides, and so on. 
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The whole process of creating a drawing is strictly based on mathematical theory, thus, it becomes 
possible not only to create and use a ready-made drawing for a lesson but also to involve the students 
in the process. While using tkz-euclide it also becomes possible to visualize some mathematical 
concepts, such as for example, motion. Initially, tkz-euclide was designed to create plane drawings. 
Because in space geometry we work with two-dimensional images of the objects discussed, so it is 
also possible to use the tool in the space geometry classes. 

2 RESULTS 
Let's take a look at the tkz-euclide features in the solving of some construction problems. 

2.1 Square inscribed in a triangle  
PROBLEM. Inscribe the square in a triangle so that two vertices of square lie in one side of the triangle 
and the other two on the other sides of the triangle. 

SOLUTION. Take arbitrary three points A, В, and С not lying on one straight line. Connect them with 
segments. Take the triangle ABC. Inscribe in ABC the square of which two vertices lay on the 
segment BC and the other two on segments AB and AC. Draw arbitrary square of which two vertices 
lay on BC and one on AC. Draw straight line through C and the forth vertex of square. Get intersection 
point, say Q, of this line with the segment BC. Drop perpendicular from Q to BC. Inside the triangle 
draw the square of which one side is this perpendicular. 

Here is the code. 

\begin{tikzpicture} 

\tkzDefPoints{4/8/A,6/0/B,0/0/C} 
\tkzDrawPolygon (A,B,C) 

\tkzInterLC[R](C,A)(C,2 cm) 

\tkzGetPoints{M}{P}  

\tkzShowLine[perpendicular=through P,length=0](B,C) 
\tkzGetPoint{S} 

\tkzDefLine[perpendicular=through P](P,S)  

\tkzGetPoint{Q} 

\tkzShowLine[perpendicular=through Q,length=0](B,C) 
\tkzGetPoint{R} 

\tkzDrawPolygon(P,S,R,Q) 

\tkzDrawLine[add = 0 and 1](C,Q) 

\tkzInterLL(C,Q)(A,B) 
\tkzGetPoint{Q_1} 

\tkzShowLine[perpendicular=through Q_1,length=0](B,C) 

\tkzGetPoint{R_1} 

\tkzDefSquare(R_1,Q_1) 
\tkzGetPoints{P_1}{S_1} 

\tkzDrawPolygon(P_1,S_1,R_1,Q_1) 

\tkzLabelPoints(A,B,C,Q, P,R,Q_1,S,R_1,P_1,S_1) 

\end{tikzpicture} 
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Fig. 1: Square inscribed in a triangle 

The simplicity and consistency of the code considered makes it very clear that almost any teacher can 
create such own material, and, provided that the teacher has given proper prerequisite training, 
students the similar can task to be solved. As they work, they will be used the previously accumulated 
knowledge of geometry, for example, that the points are set to coordinates, that only one line passes 
through the two points, that the straight lines intersect at no more than one point and others. 

2.2 Two intersecting lines and a point 
PROBLEM. Let two intersecting lines and a point not lying on them are given. Draw a segment with the 
ends on the lines and midpoint at that point. 

SOLUTION. Denote a, b the given lines and O the given point. The ends of the segment searched for 
will be symmetrical with respect to point O as the midpoint. Draw the line, say c, symmetrical with 
respect O to one of the given lines, say a. Get the intersection point of с and b. Draw the line through 
this point and O. Get the intersection point of this line and a. Take the segment between these two 
intersection points. 

Here is the code. 

\begin{tikzpicture} 

\tkzDefPoints{0/3/C,4/5/D,5/1/E, 3/3/O} 
\tkzDrawLines(C,D C,E) 

\tkzLabelLine[above right](C,D){a} 

\tkzLabelLine[above left](E,C){b} 

\tkzDefPointBy [symmetry=center O](C) 
\tkzGetPoint{C_1} 

\tkzDefPointBy [symmetry=center O](D) 

\tkzGetPoint{D_1} 

\tkzDrawLines(C_1,D_1) 
\tkzLabelLine[above right](C_1,D_1){c} 

\tkzInterLL(C_1,D_1)(E,C) 

\tkzGetPoint{B} 

\tkzInterLL(B,O)(C,D) 
\tkzGetPoint{A} 

\tkzDrawSegment(A,B) 

\tkzDrawPoints(A,O,B) 
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\tkzLabelPoints(A,O,B) 

\end{tikzpicture} 

 
 Fig. 2: Two intersecting lines and a point. 

The solution of the following is based upon the solution of the previous one. 

2.3 The triangle of minimal area 
PROBLEM. The point is set within the angle. Draw the segment intercepting the triangle of the smallest 
area from the angle. 

SOLUTION. Simply draw the segment with the ends on the sides of the angle and proof that given 
triangle is required. 

Here is the code. 

\begin{tikzpicture} 

\tkzDefPoints{0/3/C,4/5/D,5/1/E, 3/3/O} 
\tkzDefPointBy [symmetry=center O](C) 

\tkzGetPoint{C_1} 

\tkzDefPointBy [symmetry=center O](D) 

\tkzGetPoint{D_1} 
\tkzDrawLines(C_1,D_1) 

\tkzInterLL(C_1,D_1)(E,C) 

\tkzGetPoint{B} 

\tkzInterLL(B,O)(C,D) 
\tkzGetPoint{A} 

\tkzInterLL(C_1,A)(D_1,D) 

\tkzGetPoint{A_1} 

\tkzInterLL(C,B)(D_1,D) 
\tkzGetPoint{B_1} 

\tkzDrawPoints(A,O,B,D,C_1,D_1) 

\tkzLabelPoints(A,O,B,C,D,C_1,D_1) 

\tkzDrawLines(C,D E,C A,C_1 D,D_1) 
\tkzFillPolygon[color=gray](A,D,A_1) 

\tkzFillPolygon[color=gray](D_1,B_1,B)  

\end{tikzpicture} 

2.4 Two intersecting circles and a line 
PROBLEM. Through the intersection point of the two given circles draw a straight line on which the 
circles cut out chords of equal length. 
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SOLUTION. Let A and B are the centers of the circles and C one of the points of its intersection. Draw 
the circle symmetrical to the circle with the center A, relative to C. According to central symmetry 
property, the circle moves to the circle. Find a point symmetrical to O_2 relative to point A. Draw a 
circle of the same radius dotted. Find the second point of intersection with the source circle F. Draw 
the straight line through the points C and F. With the same symmetry, move the circle drawn back. 
Again, due to central symmetry property, the straight line passing through the center of symmetry is 
retained and the distances are maintained. This means that the desirable straight line has been 
identified. 

Herу is the code. 

\begin{tikzpicture} 
\tkzDefPoints{1/1/A,4/0/B} 

\tkzDrawCircle[R](A,2cm) 

\tkzDrawCircle[R](B,3cm) 
\tkzInterCC[R](A,2cm)(B,3cm) 

\tkzGetPoints{C}{D} 

\tkzDefPointBy [symmetry=center C](A) 

\tkzGetPoint{E} 
\tkzDrawCircle [R,dashed](E,2cm) 

\tkzInterCC[R](B,3cm)(E,2cm) 

\tkzGetPoints{C}{F} 

\tkzDrawLines[add = 1 and 1.3](F,C) 
\tkzDrawPoints(A,B,C,F,E) 

\tkzLabelPoints[above left](A,B,E) 

\tkzLabelPoints[below](C) 

\end{tikzpicture} 

 
Fig. 3. Intersecting circles. 

3 CONCLUSIONS 
Nowadays students are very much aware of the computer language and the professionals which 
would like to be in demand in the labor market are obliged to keep up with the times of contemporary 
scientific and technological advances, and therefore the integration of computer technology and the 
teaching of mathematics is the natural course of developing this scientific sphere. The geometry 
classes, like no others, fit to implement this assertion. In this article we have considered just small part 
of the opportunities LaTeX can provide in the sphere of teaching mathematics. Within the frameworks 
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of our scientific research, we continue to develop the methodology of using LaTeX in geometry 
teaching. 
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