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ABSTRACT The contents and methods of training the students for the development of mathematical abilities of the pupils at the
lessons of the history of mathematics with the use of information and communication technologies are stated.
The most important methods included: an interactive method; search and heuristic method for the solution of educational tasks; decision of the
historical tasks; independent work of students; scientific-research work of students.

Introduction
Changes in socio-economic development of Kazakhstan, calling for
reform in all spheres, caused radical changes in the education system.

Informatization of education is one of the directions of the State pro-
gram for developing education in Kazakhstan till 2020 [1]. The tasks
set by the President and the Government of the Republic of Kazakh-
stan in front of the universities require improvement of the quality of
training specialists in the conditions of Informatization of mathemati-
cal education and the modernization of preparation of future teachers
to the profile training of mathematics and to achieve a level of the
world standards. In this case, there is a necessity of competitive teach-
ers preparation with information competence.

Because of its importance the problem of development of mathe-
matical abilities of the future expert considered on a range of areas.
Relevant to the issue of development of mathematical abilities of the
individual in the educational process of professional schools are in-
vestigating the spatial imagination (Yakimanskaya, 1.S.)

[2], the mental activity of students in the process of solving mathe-
matical problems ( Menchinskaya , HA) [ 3], sources of development
and the structure of mathematical abilities (VA Krutetskiy) [4]. Of
particular interest in the study of problems of development of math-
ematical abilities of the future specialists are the works of foreign sci-
entists Alexander V. Borovik, Tony Gardiner [5], Joakim Samuelsson,
Karin Forslund Frykedal [6].

Alexander Borovik and Tony Gardiner studied mathematical abili-
ty and mathematical skills in children. Joakim Samuelson and Karin
Forslund Frykedal investigated the development of mathematical
abilities of students.

Features of teaching of information and communication technolo-
gies and the use of ICT in mathematical education are investigated
in the works Hammond, Michael [7], Geer, R. & Sweeney, T.[8], Knop,
N. & Lanmaster, K.9[], Anderson, S., Groulx, J. & Maninger, R [10], Lap-
chik,M.P[11].

However, despite the undoubted theoretical and applied significance
of the research, it should be noted that the problem of development
of mathematical abilities of students in the context of their future
professional activity remains open for theoretical research and exper-
imental study.

In the structure of the secondary and higher pedagogical education
history of mathematics is considered to be one of the most impor-
tant subjects. There is a huge gap in the preparation of mathematics
teachers: lack of qualified experts-lecturers on the history of mathe-
matics in universities, a lack of literature on the history of science. This
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circumstance complicates the use of historical information by teacher
in his further practical work. Therefore, implies the need to prepare
students to use historical materials at the history of mathematics les-
sons in bachelor degree and in special courses in magistracy. Thus,
preparation of students for the development of pupils’ mathematical
abilities on the historical material with the use of ICT is relevant.

Nowadays typical usage of information and communication tech-
nologies (ICT) in pedagogical activities open for school teachers and
university professors of mathematics unique opportunities for intensi-
fication of processes of knowledge, individual and collective cognitive
activity of learners.

Computer technologies in training of mathematics can be used not
only as means of automation of training and knowledge control but
also as a tool for the implementation of new didactic approaches to
the actualization of the research of mathematical activity, broaden-
ing the outlook and developing useful practical skills of a pupil and
student based on the inclusion of means and methods of ICT into the
subject mathematical activities.

Methodology

The best results are achieved by conducting mathematics lessons
with the use of interactive methods of training in the computer class,
equipped with multimedia means which have already become tradi-
tional (projector, interactive blackboard and etc.) that allows full use
of instrumental technology. Interactive training is a training, built
on the interaction of learner with the educational environment, the
learning environment, which is the area of mined experience [12].

The use of computer technology extends the intellectual abilities of
the student, and also carries out training of future teachers to use ICT
effectively.

Usage of interactive training for preparation of future teachers solves
simultaneously three tasks:

- cognitive, which is connected with the educational situation and
mastering of educational information;

- communicative development, which is connected with develop-
ment of basic communication skills inside and outside the group
and with the development of learners’ mathematical abilities;

- socio-orientation, which is connected with the education of civil
qualities needed for the proper socialization of the individual in
the community.

The basis for the implementation of interactive approaches to the
content of education is the development and use of interactive exer-
cises and tasks that will be performed by the learners. The main differ-
ence of interactive exercises and tasks from the ordinary ones is that
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they are aimed not only at consolidating the learned material, but
also to learn new material.

The main part

Let us consider the short description of training of future teachers to
the development of pupils’ mathematical abilities at the history of
mathematics lessons with the use of interactive boards and computer.

The traditional study of the history of mathematics course has the fol-
lowing disadvantages:

1) seeking to state all program material in limited time, the lecturer
quite often goes for information consolidation regardless of per-
ception and mastering possibilities of students;

2) there is no orientation of the students on the use of historical ma-
terials in the process of teaching at school mathematics lessons.

In the conditions of radical changes in society active process of differ-
entiation of secondary school is implementing. A number of schools
with profound study of mathematics is growing. In this regard, the
demand for teachers of the highest qualification is increased. The
question on improvement of educational process organization and
update of previous forms and methods of training is set before the
lecturers of the university.

In this regard, we tried to change the attitude of the student to the
subject. For this it is necessary to reveal the role of history of mathe-
matics in:

- the coverage of the laws of the development of mathematics, devel
opment its logical links;

- inculcation of interest to mathematics;

- development of mathematical abilities.

Showing examples of creative life of scientists, historical examples of
their discoveries, we can instill in students the belief in their own forc-
es to solve problems, which arise before modern science.

Technique of carrying out the lessons with interactive method, with
the purpose of development of learners’ mathematical abilities on his-
torical

1) thelesson is not a lecture, it is the general work.

2) all participants are equal, irrespective of age, social status, experi-
ence, place of work.

3) each participant has his own opinion on any question.

4)  there is no place to direct criticism of personality (only idea can
be criticized).

5) all said things during the lesson are not a guide to action, they
are considered to be an information for thinking [12].

First of all, the history of mathematics studies the internal law of de-
velopment of mathematics, the development of its logical links. This
internal development is associated with regard to the conditions in
which society is in. The history of mathematics studies the develop-
ment of mathematics in connection with the development of society
itself.

Mathematics is the base of accurate knowledge and is able to create
wonders by conceiving and knowledgeable people. History of math-
ematics can help the teacher to convincingly explain this idea to the
learners.

The study of the history of mathematics contributes to the develop-
ment of thinking. The great scientist, mathematician and historian G.
Leibniz emphasized that the history of science teaches to art discov-
eries.

The need for a compulsory course of the history of mathematics at
the university and use of the historical materials on the math lesson
by teachers has been repeatedly pointed by B.V.Gnedenko. At the
present time it is generally recognized that one of the methods of sci-
entific research in methodology of teaching mathematics is the study
and use of history of mathematics and mathematics education.

Lectures should encourage interest in independent study of the his-

tory of mathematics i.e. stimulate students’ creative independence.
For this, we used the lectures managed an independent study of the
text. The main reason for choosing this (reception) method was lack
of relevant literature for self-study. We tried to give in the text of the
lecture program material. The essence of this method is the following.
The student obtains a complete text of the lecture. Lecturer reads it,
15 minutes are devoted to the study the text of the lecture by stu-
dents. The lecture is read faster due to the fact that students do not
have to write the synopsis and ends with the final dialogue between
students and teacher.

The teacher reads a lecture “From the history of equations’, developed
by us for students of the fourth course (10 min). Next, the content of
the lecture is given.

The plan of the lecture is shown on the interactive board:

2. Equations of the third degree.
a) Decision of Omar Khayyam

b) Decision of N.Turtle

¢) Decision of N.l.Lobachevsky

The greatest mathematician of the beginning of our era and the last
major scholars of antiquity was Diophantus. The main composition
of Diophantus “Arithmetic” consisted of thirteen books, six of them
reached us. In “Arithmetic” Diophantus collected 189 tasks, each of
them is equipped with solutions or explanations. The methods are
not formulated in general form. Just as it was in Ancient Babylon, the
series of steps that need to be made, i.e. the recipe for solving the
problem is showed.

Creativity of Diophantus for centuries was one of the most difficult
riddles for historians of science. Many of them have underestimated
his works. They believed that Diophantus developed witty methods
for the solution of specific problems, but did not create a gener-
al method. For example, G.Gankel wrote: “.. it is difficult for modern
mathematician to solve the 101-st task after learning the solution of
100 tasks ... Diophantus rather blinds, than delight”.

General methods created by Diophantus were understood only in our
days. His compositions are published, commented, the results and
methods are discussed from the point of view of modern mathemat-
ics.

Diophantus was the first who used letter symbols. He introduced the
symbols for the unknown quantity and its degree. He also presented
the equal sign as the first letter of the Greek word “equal”. But, there is
no the sign for the addition operation that time.

Diophantus introduced negative numbers. He called them “lepsis”
which is derived from the verb “leipo’, which means “not enough”.
Positive numbers Diophantus called “iparkis’, which means existence,
genesis, and in the plural property.

Feature of Diophantus’s works was the emergence of a new subject
of the study. He studied uncertain equations and their systems. This
branch of mathematics is now called Diophantus analysis.

Let’s given the m equations of n variables, where m <n.
J1(x,X5,.,x,)=0
f‘2(x19x29"'9xn) = O

fm(xl’x2""’xn) =0

f, function - polynomial with rational coefficients. It is required to
find set M of all rational solutions of the system.

In the particular case when m = 1, n = 2, the problem reduces to the
study of the equation f(x,y) = 0. It determines algebraic curve of the
second order on a plane. For example, x> + y? = @ equation defines a
circle; a- number is rational.
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To solve the equation means any way to describe a set of M points of
the circle, the coordinates of which are rational numbers.

In task 9 of the book 11 Diophantus’s “Arithmetic” it is required: “The
given square divide into two squares”. Diophantus explains how to
solve a specific equation x? + y> =16, and receives as decisions the
numbers

. (he makes the substitution y =
kx, where k = 2).

Only two kinds of uncertain equations were considered in mathemat-
ics till Diophantus. The equation

x? + y? =z that had to be solved in integers, appeared in An-
cient Babylon. The Pythagoreans found the formula for finding the
infinite set of its solutions, but not all. Indeed, in their case.

m? +1
2

m’ —1
X=——, y:m 7z =

Therefore Z — X = 1

Let's consider the numbers x = 56, y=33, z= 65. It is clear that they
cannot be obtained from the formula of the Pythagoreans, and at the
same time

(5617 +(33)° = {85)°
which you can easily verified by direct calculations.
The most general formula for the solution of the equation

2 2 2
X~ + Y7 = Z" hasled Euclid in the “Basis”

x=2pq,y=p°—q°,z=p° +q".

They give with relatively simple p and q are all integer solutions of the
equation which does not have a common divisor.

The equation
Poagyt =1

for the case when a = 2, solved Euclid in his "Principles" not in ra-
tional, in integer numbers His solution for any a number which is not
a square, maybe knew Archimedes. He set for Eratosthenes the prob-
lem in which a = 4729494.

In the XVII century methods of Diophantus found new life in the
works of PFerma. In comment to the eighth task of book 11 the
"Arithmetic, in which it is required to arrange a square number a2
in the sum of two squares, Ferma wrote: "on the Contrary, it is im-
possible decompose or cube on two cubes, nor 6ukBagpat two
6ukeapgpara, neither in General, the degree of a large square, on two
levels with the same result; | opened this a truly wonderful proof that
due to lack of space can not fit these fields" [13, P. 79].

This so-called great theorem, which asserts that the equation

x"+y'=z" mpmw n>2, x-y-zz0

Is not solvable in integer (and hence, in rational) numbers.

Thus, the works of Diophantus had fundamental importance for the
development of algebra and number theory.

2. Equations of the third and fourth degrees.
Remarkable results were achieved by scientists of the countries of Is-
lam in the study of equations of third and partly of the fourth degree.

Omar Khayyam (1048-1131) - an outstanding mathematician, as-
tronomer, philosopher and poet, widely known as the author of "the
Rubaiyat. He was born in Nishapur city in the field of Khorasan, lived
and worked in Samarkand, Bukhara and in the other cities of Central
Asia and Iran.

Khayyam developed the geometrical theory of cubic equations. In its
algebraic treatise he suggested that the equations of the third degree
cannot be solved with the help of ruler and compasses. Khayyam
stressed that this decision may be changed only with the help of con-
ic sections".

Khayyam considered equations with arbitrary positive coefficients
and find a positive roots. He gave a classification of cubic equations,
selecting 19 classes, 5 classes of which is reduced to a linear or square

For other 14 classes Khayyam pointed method of solution with the
help of conic sections: parabolas painting, equilateral hyperbola
branches and circles [14, P. 97].

Like all of mathematicians of the East, Khayyam verbally described
equations. So the phrase "the Cube and the roots are equal to the
number" it means the equation

To solve it, Khayyam considered the circumference and the parabo-
la (Fig.1). Abscissa of the point of intersection of these curves, which
does not coincide with the beginning of the coordinates, is the root of
this equation. Indeed, it is possible to record the system

3 i
[ x* + y*
! b
. .
| X
ly=—
| Jh

Hence when x # 0 we get

4
, X ax
.1."-'—? T bx +x' = a
x
3
__'._.:
y = —m=
| ]
'. | Vb
i / ._,n"l l'-.l
# 1 o
: >
T—"., . @
R |
b

Fig.1. Graphical solution of cubic equations of Omar Khayyam

For each of the 14 classes Khayyam solved the question on the num-
ber of positive roots depending on the conditions imposed on the co-
efficients of the equations. He pointed out that the equation

x4+ by =a always has a unique positive root. He only considered
class of equations

3 . el :
X +bx=cx” +a
Omar Khayyam forever entered in the history not only as a great
mathematician, but also as an astronomer and philosopher:

| calculated - repeats people rumor —
The entire course of time.

| took forever of the calendar:

That what will not know tomorrow,

will not refund - yesterday [14, P.96].
Apparently, Omar here means his reform of the old Persian calendar,

after which the calendar gave an error in one day for 5000 years,
whereas our current Gregorian calendar, gives an error in one day for
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3330 years. His reform was carried out in 1079 y., but later his calen-
dar was replaced by the Muslim lunar calendar.

Mathematics of Islamic countries had a beneficial impact on the de-
velopment of European science. Scientists of medieval Europe due to
the translations from Arabic to Latin, met with the openings of the
Egyptians, Babylonians, Indians, Greeks and scientists of Islamic coun-
tries.

The XV and XVI century entered to the history of Europe un-
der the name “Renaissance” Flourishing of science occurs
mainly in Italy, France and Germany, and later in the end of
the XVI century, in the Netherlands, which at that time was
experiencing the first in Europe the bourgeois revolution.
Italian mathematics of the XVI century have made a major mathemat-
ical discovery. They found a formula for solutions of the equations of
third and fourth degree.

Then interactive exercises are done collectively.

Here is an example of tasks on a theme “Solution of equations of the
third degree”.

Training exercises can be done by in two modes: independently or
with the step by step hint. During training there is an access to the-
oretical material.

1. Task (10min).

There is given an arbitrary cubic equation
v+al+bv+c=0  and show that using Solution:

a
substitution ¥ = X - 3— it can be converted to the

fomlx3+px+q =0
Solution:
Let ¥ = X + &  Well get:

(x+a)Y +a(x+a) +b(x+a)+c=0,
X +Ba+ax’+Ba’+2aad+b)x+...p

+(@*+ax?+ba+ce)=0
. a . .
ut 3¢ +a=0 e a= -3—.Then this equation

takes the foo X~ + px+qg=0

Here a brief historical review is given (3min):

Such record first came to Descartes, who considered equation with
both positive and negative coefficients. Mathematics of the XV centu-
ry solved the equations only with positive coefficients. So they stud-
ied three types of cubic equations [13, P. 116]:

X —ar+b, x+ax=b.x+b=ax

Luca Pacioli in the book "The Sum of arithmetic" (1491) said that for
solving cubic equations "art algebra has not yet given way not given
a way of squaring the circle". It was one of the first printed books on
mathematics, written not in Latin but in Italian.

Words Pacioli became the starting point for studies of Italian scien-
tists.

In 1505, a Professor of mathematics at the University of Boloana Scip-
io del ferro have found a formula for solving the equation * +a% = &
but did not publish it, and said to his disciple Antonio Mario Fiore. In
XVI century was widespread competition between scientists held in
the form of a dispute. On the twelfth of February 1535, was scheduled
tournament between Fiore and Tartaglia. Niccolo Tartaglia (1500-
1557) was born in Brescia in a poor family. His mother could not pay
for the teacher, and Niccolo learned in school for only the beginning
of the alphabet to the letter "K". All other knowledge he possessed
himself.

Tartaglia taught mathematics in Verona, Venice, Brescia. Before the
tournament with Fiore he received from enemy 30 tasks, saw that
they all boil down to the cubic equation

'+ ar = b, o= 0.6 > 0 and exerted every effort to address it.

Finding the formula, Tartaglia solved all tasks, offered him Fiore, and
won the tournament. A day after the fight he had found a formula for
solving the equation

i +ax=b, a>0,b>0 M
It was the greatest discovery. Tartaglia used substitution = = &is + &%

2 Task (7 min):
Using the substitution of Tartaglia solve the equation (1).

Solution: (Students solve. The teacher via 10 minutes shows on the in-
teractive board the solution for self-monitoring).

G+’ =a@u + ) +b.
u+v+3@G + VWfu - =
a(fu+3v) +b

fusvob {u+v=b 3
S

Therefore, they are the roots of the quadratic equation

It is called now Cardano formula, since it was first published in 1545,
in the book of Cardano "Great art, or about algebraic rules" [13, P.
117]. N.I. Lobachevsky (1792-1856) solved the equation of the third
order (3) by substituting (4)

!+ pxo+q=0{3)

xX=1z E (4)
ir

3 Task: (5 min) Solve the equation (3) using substitution (4).

= 1)

Terg-pl=0
17 +2Tgr=p'=0
(Students solve. The teacher via 10 minutes shows on the interactive
board the solution for self-monitoring. They put estimation for each
other on the checklist).

Discussion of results in a group, search the task solution and the les-
son is discussion of the results in the group, discussion of the ques-
tions asked each other and etc. are realized during the lesson. The el-
ement of creativity is manifested in the design of bookmarks, imagery
or precision and conciseness of the comments to the decision.

As a result of such systematic work not only mathematical skills are
developed, but also informational and communicative competence of
students.

Only the marks "4" and "5" are considered in the control work, in case
of lower result, it is offered to repeat training and re-do the control
work.
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Control works (10 min). Conclusions.
Thus, we have justified that the history of mathematics is a rich source
Solve the equation: for the formation of the components of mathematical abilities and
3 . 3 for education research skills of both students and pupils. The results
I)X —36x-91= 0,2).1: =15x+4. of experimental work confirmed that the historical task, the historical
Here is the solution. facts and information, which investigate the origin, formation and
3 development of the object or phenomenon, contribute to the devel-
1)x” —36x—-91=10 Use thereplacement do opment of mathematical abilities of students and instilling interest in
Lobachevski (4) rpathematics: The use of ICT can provide show t.he educational .mate—
36 rial not only in traditional, but also more accessible for perception by
_ ) students visual-verbal form. The use of these technologies, combine
x=z4 d isual-verbal fi Th f th hnologi bined
3z * with traditional forms of educational work allows achieving high effi-
(2 _ 91 +144 O ciency in preparation of future teachers of mathematics.
c=-91r+ =
-1 13
Answer (7-— ——)
27 2

2)x° =15¢+4. According to the Tartaglia formula
(2) we have:

x 32+ Ja-125 +32 4121

=241+ =2+ +(2-1) =4

X —15x—4x = (x—4)(x1+4x+1).

x'+4x+1=0

Xy3 = =22 J4-1=-2£3x, = —2+3;
X, =—2—«f§;

Answer - (4:-2+ ﬁ;—z—ﬁ)_

students are dealt checklists.

Summarizing (5min). The trainer summarizes the interactive sessions
and puts marks by the control sheets.

Content of the lecture gives huge opportunities for awakening the in-
terest of students to the subject and to develop their ideas about the
emergence of new scientific directions.

Not only factual materials, but also stories about the development
of mathematical concepts, their connections with practical needs of
people, examples, which can be used at school for development of
learners' mathematical abilities are included into the content of the
course.
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