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Abstract 
 

The actuality of the problem stated in the article is due to the fact that the level of professional competence of future teachers of the natu-

ral-science subjects largely depends on the quality of mathematical training, which is largely provided by the use of computer technolo-

gies in higher mathematics classes. Information technologies are indispensable for the effective organization of the educational process in 

the modern conditions of teaching the course of mathematical disciplines. As a result of the study of this problem, the authors used meth-

ods that allowed defining the definition of mathematical competences of teachers of natural-science disciplines (theoretical analysis of 

pedagogical literature) and confirming the effectiveness of using information technologies in higher mathematics classes (pedagogical 

experiment). The main results of the research consist in the allocation of four levels of mathematical competences (low, medium, high, 

very high), and in the definition of the system of basic mathematical competencies. The obtained results allow to answer the question 

how on the basis of computer technologies to develop the mathematical competencies of future teachers of the natural-science disciplines 

more effectively, and, supplementing the existing theory of higher education, contribute to solving the issues of motivation for teaching 

higher mathematics. 
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1. Introduction 

The purpose of this work is to carry out the comparative analysis 

of There are objective contradictions between the needs of modern 

society in qualified teachers of the natural-science disciplines, 

using competently mathematical and computer methods and mod-

els in their professional activities, and the real level of readiness to 

use computer technologies; the presence of computer systems that 

allow to increase the level of professional training of future teach-

ers of the natural-science disciplines, and the insufficient elabora-

tion of the theoretical and practical bases for their use in the edu-

cational process. With regard to mathematical preparation, these 

contradictions are concretized in the contradiction between the 

need to form the mathematical competences of future teachers of 

the natural-science disciplines and traditional approaches to the 

organization of the educational process. Taking into account the 

identified contradictions, the research problem is: how to develop 

the mathematical competencies of future teachers of the natural-

science disciplines more efficiently on the basis of computer tech-

nologies. The purpose of the article revolves around the theoretical 

underpinning and experimental proof of the effectiveness of the 

use of computer technologies for the development of mathematical 

competencies of future teachers of the natural-science disciplines. 

The works on general pedagogical problems of improving educa-

tion can be single out separately [1], [2], [3]. Issues of improving 

mathematical education from different sides were discussed by 

many scientists. We can single out works on basic mathematical 

training of students [4], [5]; structure and content of mathematical 

training [6], [7]. 

The choice of information technologies is due to a sufficient theo-

retical and practical development of the problems of informatiza-

tion of education, carried out from various positions. In recent 

years methodological aspects of the application of computer tech-

nologies in teaching higher mathematics have been considered in 

[8], [9], [10], [11], [12], [13]. 

Mathematical competences of teachers of natural-science disci-

plines are integral and personal-professional characteristics of 

graduates of pedagogical universities of natural-science specialties, 

manifested in theoretical and practical readiness and ability to use 

the system of acquired mathematical knowledge, skills, and expe-

rience at a high pedagogical level due to qualitative learning of the 

content of mathematical education in their professional activity. 

The formation of a broad mathematical erudition based both on 

knowledge in various mathematical disciplines and on the experi-

ence of their interdisciplinary use is ensured by the use of comput-

er technologies by the future teachers of the natural-science disci-

plines in higher mathematics classes. 

The pedagogical practicability of implementation of capabilities of 

information technology tools in the teaching of mathematics is 

determined by such factors as immediate feedback between the 

user and the means of information technology; possibility to 

change and enrich the content of the material; computer visualiza-
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tion of educational information about objects or patterns of pro-

cesses, phenomena; automation of the processes of computing, 

information retrieval activity, operations for the collection, pro-

cessing, transfer, replication of information; automation of the 

processing of the results of the training experiment with the possi-

bility of repeated repetition of any fragment or the experiment 

itself. 

One of the directions in the use of computer technology in educa-

tion is the use of applied software systems for the computerization 

of complex mathematical calculations, helping in some way to 

better and faster learn the most difficult sections of a particular 

discipline. 

We suppose that the need for the application of special mathemat-

ical systems in the university in the study of mathematical disci-

plines is determined by the following reasons: a modern teacher 

should be oriented towards the use of modern software in carrying 

out various mathematical calculations; the use of these systems 

will make it possible to complicate the tasks solved in the class-

room, which will allow us to better understand the material; appli-

cation of these systems makes it possible to increase the propor-

tion of independent work in the learning process; these systems 

will allow to solve research problems in the learning process in a 

greater degree. 

We believe that the use of mathematic computer system Mathe-

matica motivates students to study this discipline, ensures the 

effectiveness of the entire learning process. 

2. Methods 

We suggest using the method of gradual verification of calcula-

tions using the Mathematica system. Here is an example of a task 

with a solution. 

The task. Compute the indefinite integral: 
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Solution. 

The notation: 

A - calculation in the traditional way (manually); 

B - check the performed action with the Mathematica system. 

I. А) Fix the given proper fraction  
 

  22 12

1





xxx

x
. 

We decompose the subintegral function into the following partial 

fractions  
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We reduce the last equality to the common denominator and dis-

card it:  
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Hence, multiplying brackets and combining similar terms, we will 

have: 
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В) In[1]:= Collect[A (x-2) ((x+1)^2)+B (x (x-2) ((x+1)^2))+C 

(x^2) ((x+1)^2)+D (x^2) (x-2)+F (x^2) (x+1) (x-2),x] 

Out[1]=-2 A+(-3 A-2 B) x+(-3 B+C-2 D-2 F) x2+(A+2 C+D-F) 

x3+(B+C+F) x4 

II. А) Equating the coefficients for the same powers of x in both 

parts of the identical equation, we obtain a system of equations for 

determining the coefficients A, B, C, D. F: 
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Having solved the system manually, by expressing one variable of 

the equation through other variables of the same equation, and 

substituting it into the following equation, etc., we obtain 
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В) In[2]:= Solve[{B+C+F= =0,A+2 C+D-F= =0,-3 B+C-2 D-2 F= 

=-0,-3 A--2 B= =1,-2 A= =-1},{A,B,C,D,F}] 

Out[2]={{A 1/2,B -5/4,C 1/36,D 2/3,F 11/9}} 

III. А) Thus we obtain the decomposition of a rational fraction by 

the simplest: 
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В) In[3]:= Apart[(x-1)/(x^2 (x-2) (x+1)^2)] 

Out[3]=1/(36 (-2+x))+1/(2 x2)-5/(4 x)+2/(3 (1+x)2)+11/(9 (1+x)) 

IV. А) Integrating, we obtain: 
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The original integral was represented as the sum of five integrals, 

the first and fourth of which represent the standard integral 
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В) In[4]:= Integrate[1/x^2,x] 

Out[4]=-1/x 

In[5]:= Integrate[1/x,x] 

Out[5]=Log[x] 

In[6]:= Integrate[1/(x-2),x] 

Out[6]=Log[-2+x] 

In[7]:= Integrate[1/(x+1)^2,x] 

Out[7]=-1/(1+x) 

In[8]:= Integrate[1/(x+1),x] 

Out[8]=Log[1+x] 

V. В) In[7]:= Integrate[(x-1)/(x^2 (x-2) (x+1)^2),x] 
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Out[7]=1/36 (-18/x-24/(1+x)+Log[-2+x]-45 Log[x]+44 Log[1+x]) 

The wide use of the Mathematica system was the impetus to the 

fact that we applied it in teaching students some of the topics of 

mathematical disciplines for gradual verification of the performed 

mathematical operations. As experimental during three years we 

selected two groups of first-year and second-year students. We 

developed a comprehensive methodology, which included a tradi-

tional study of the topic, i.e. performing tasks manually, and using 

the computer system Mathematica. Some methodical recommen-

dations on the study of certain topics (classroom and independent) 

were made for students. There were two classes for each topic. 

3. Results 

The classes had the following structure: 

1) a brief introduction to the topic and the necessary functions of 

the Mathematica system; 

2) individual assignments performed by students in two ways: 

manually and step-by-step execution using the Mathematica sys-

tem. 

Based on the results of the test, we obtained Table 1. 

 
Table 1:. The results of tests at the I and II academic years 

 Manual solution of the problem Solving problems using Mathematica 

achievement quality achievement quality 

I term II term I term II term I term II term I term II term 

 

I academic 

year 

I AY 83% 78% 56% 55%     

II AY 83% 83% 67% 60% 83% 92% 58% 83% 

III AY 75% 85% 60% 60% 75% 90% 55% 70% 

 

II academic 

year 

I AY 88% 77% 62% 50%     

II AY 93% 80% 71% 50% 71% 90% 57% 65% 

III AY 80% 80% 50% 50% 90% 100% 70% 70% 
 

This allowed us to draw the following conclusions: 

1. At first juniors have difficulties in a computer code because of 

absence of programming skills. Therefore, the quality indicators 

for solving problems manually exceed the same parameters when 

solving problems in the Mathematica system. Going forwards the 

quality and achievement indicators for solving problems in the 

Mathematica system for both courses already exceed the same 

indicators when solving problems manually. 2. However freshmen 

are faster trained to apply the Mathematica system for mathemati-

cal calculations than second-year students already accustomed to 

the traditional study of higher mathematics. Therefore the quality 

and achievement indicators for both methods of solving problems 

for juniors are practically the same. As for the second year stu-

dents, the quality and achievement indicators for solving problems 

manually are already slightly higher than the same indicators 

when solving problems in the Mathematica system. 

Going forwards in the first year, the indicators of quality and 

achievement in solving the tests by juniors using both methods 

already exceed the same indicators of second-year students. 

Therefore it is necessary to begin teaching higher mathematics 

with the verification of the actions taken with the help of the 

Mathematica system from the first year. 

By combining students who studied mathematical analysis in a 

traditional way in a control group, and students who studied math-

ematical analysis using the Mathematica system and Internet tech-

nologies in an experimental group, we performed a comparative 

analysis of the results of the examination period on this subject in 

both groups (Table 2). As can be seen in Table 2 the first term 

achievements of the students of the experimental group determine 

further successes. At the end of the next term students' residual 

knowledge is checked in the practical class; or the task of the pro-

fessionally important topics of the previous term is included in the 

test paper. 

Four levels of the development of mathematical competences are 

defined (where  Pst is the student's term grade, Kst is the mathe-

matical competence coefficient): 1) 0.5 Kst <0.7 (low level), 2) 

0.7 Kst <0.8 (middle level), 3) 0.8 Kst <1 (high level), 4) Kst = 1 

(very high level). All the data obtained indicate that the experi-

mental group has reached a sufficient level of preparedness. 

4. Discussion 

The following deficiencies of the method of gradual verification 

of calculations using the Mathematica system were revealed: 

1) large study time expenditures in the first classes; 

2) reduction of the total number of examples; 

3) often external incongruity of correct answers. 

The following advantages of the method of gradual verification of 

calculations using the Mathematica system were proved: 

1) timely finding of errors in calculations; 

2) students acquire practical skills in conducting mathematical 

reasoning and analyzing the results; 

3) development of such thinking components as flexibility, degree 

of structure, etc .; 

4) the possibility of an in-depth analysis of the variants of tasks in 

the process of classes, increasing the informativeness of practical 

studies; 

5) the rapid learning of the computer, the activation of independ-

ent work. 

 

The results of the experiment confirmed the effectiveness of the 

Mathematica system application in the higher mathematics classes 

and allowed to use it in pedagogical universities. 

As our experience has shown, when studying the course of higher 

mathematics with the use of special computer mathematical sys-

tems to solve a certain type of mathematical problems (for exam-

ple, the Mathematica system for gradual verification of the per-

formed mathematical operations), the future teachers of the natu-

ral-science disciplines develop the following additional competen-

cies during the first years of studying: 

- elementary computer skills; 

- the ability to acquire new knowledge (not only mathematical), 

using modern educational and information technologies; 

- research ability, ability to learn; 

- to know one of the foreign languages (have the ability to trans-

late mathematical terms, recommendations from the English lan-

guage); 

- the ability to apply basic knowledge in the field of informatics 

and modern information technologies in practice; 

- to have an idea of the latest achievements of science; 

- ability to work independently and in a team; 

- ability to apply analytical and numerical methods of solving 

problems with the use of ready-made software; 

- to have perseverance in achieving goals; 

- the ability to use specialized knowledge in the field of informat-

ics for  learning the core information disciplines; 

- be able to solve mathematical tasks and problems from various 

areas of mathematics, which require some originality of thinking, 

etc. 



International Journal of Engineering & Technology 77 

 
At the same time, it should be noted that the competences of this 

type, which will be formed by students at senior courses only, are 

formed already from the first year of study at the university. 

This indicates that the application of the Mathematica system is 

appropriate when studying individual subjects of mathematical 

disciplines by university students. 

With all the diversity of teaching technologies, the implementation 

of the leading pedagogical functions remains with the teacher. 

When choosing particular software for use in his work, the teacher 

inevitably faces the need to prefer one or the other of them. He 

should not forget that a modern specialist should be a creative 

person, be able to take correct, often non-standard decisions in 

complex situations, be ready for continuous self-education, and 

have a system-oriented style of thinking. 

It is the professional competence of such a specialist that is the 

ultimate goal of education and the main characteristic of its quality. 

The basis for solving these problems is the qualitative mathemati-

cal education of graduates of universities, achieved in the process 

of applying competently selected packages of applied mathemati-

cal programs in the process of preparation for higher mathematics. 
 

Table 2:. Comparative analysis of the results of the examination period on 

mathematical analysis for the control and experimental groups 

Marks 

\ 
term 

5, 4 3 

I II I II I 

experimental group 69% 

 

72% 

 

25% 

 

25% 

 

6% 

 

control group 52% 52% 39% 37% 9% 
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