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ABSTRACT 
 
At present, software products are increasingly being used in universities for teaching various disciplines for both professional and 

educational purposes. The Federal State Educational Standard of Higher Education in the Russian Federation presents new requirements 

related to the application of modern information technologies to learning outcomes. In this regard, Russian higher education enters a 

qualitatively new level: the task of widespread use of information technologies in general and vocational education is being solved, which 

contributes to the modernization of the educational process, activating the thinking activity of the students, contributing t o the development 

of the creativity of teachers, thereby increasing the effectiveness of the educational process. The goal of informatization is the global 

intensification of intellectual activity through the use of new information technologies, such as: computer, multimedia and interactive. This is 

especially relevant in the teaching of mathematical disciplines. The paper proposes a technique related to the systematic use of 

mathematical packages in the process of teaching mathematical analysis. This technique allows the use of dynamic geometry software 

systems (Dynamic Geometry System) to overcome the difficulties associated with spatial representation, which arise when studying 

applications of definite integrals. The suggested teaching methodology based on the use of Dynamic Geometry System Geo Gebra and 

multimedia technologies includes: presentation of theoretical material, step-by-step construction of the required object, calculation of body 

volume as consisting of parallel sections. The article presents solutions on the topic "Defined Integral" using the Geo gebra package 

implementing the proposed technique. 

 

INTRODUCTION 
  
The federal state educational standard of higher education, approved by the order of the Ministry of 

Education and Science of Russia, imparts to the learning outcomes new requirements related to the use of 
modern computer systems [1]. In connection with this, at present Russian higher education gets a 

qualitatively new level: the task of mass use of computer and information technologies in general and 
professional education is being solved. 

 
The teaching of mathematics under modern conditions has begun to undergo major changes towards in 

terms of decreasing the number of hours given, since the development of science makes it necessary to 

introduce new disciplines into the learning process. This leads to a reduction and a more superficial 
presentation of the material of the basic mathematical courses. At the same time, educational facilities in 

mathematics practically do not change. The problem arises: how to make mathematical education more 
effective. To solve it, it is necessary to pay serious attention to the methodology of teaching mathematical 

disciplines using information technologies [2].  
 

"In the field of teaching mathematics, there is the problem of integrating fundamental mathematical 
education and the very methodology of teaching mathematics, taking into account the current trends in 

the growth of the influence of information technologies" [3]. 
 

The solution of this problem is realized in the papers, where issues of mathematical - computer modeling 
and also geometric modelling are covered [4,5]. 

 
The use of multimedia technologies and systems of computer mathematics (SCM) makes it possible to 

include a wide visual series in the educational process, thereby activating the figurative thinking of 
students and helping them to perceive the proposed material in a holistic manner. The teacher has the 

opportunity to combine the presentation of theoretical information with showing the visual material. The 
use of multimedia technologies allows the teacher to manage the demonstration of visual material much 

more effectively, "opening new opportunities in the organization of the learning process, and also in 
developing the creative abilities of the students" [6]. 

 
Particularly topical was the use in the higher school of specialized software packages in the study of 

various disciplines [7,8,9,10], which are based on the principle of visibility. In accordance with this 
principle, specific geometric constructions are used in teaching, visualization of which makes it possible to 

easily solve the problems posed. The ability to visually represent geometric objects is a key feature of 
systems of dynamic geometry. 

 
Many qualitative studies have been carried out both in software [11] of dynamic geometry systems and in 

the effective use of these systems in educational process. 

 
For example, it has been shown in [12,13,14] that one of the effective ways to solve a number of problems 

in modern mathematical education is the use of the Geo Gebra dynamic geometry system. 
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MATERIALS AND METHODS 
 

Statement of the problem 
 

In this paper, we propose a methodology for teaching a section of mathematical analysis related to 
applications of certain integrals in calculating body volumes using information technologies. 

 
The perception of this material is simplified with a reasonable use of visual opportunities provided by 

information technologies. The researched objects are demonstrated using multimedia technologies and 
computer mathematics systems, which allows the teacher to combine the material with a dynamic video 

sequence. This is a simple and logical explanation - the means that the computer provides for displaying 
information, surpass any printed matters. In no textbook, you cannot represent the object in dynamics. 

With such opportunities, the question arises related with the use of video materials. 

 

Methodology 
 

The complexity of the spatial representation and the absence of illustrative elements makes it impossible 
to see the objects researched entirely and makes it difficult to study applications of certain integrals. It is 

known that Dynamic Geometry (DGS) software systems can be useful tools in the study of this section, for 
example, DGSGeoGebra [15, 16] presents the possibility of step-by-step view of the solution of the 

problem and visualization of the theorems proofs. 

 
In connection with the above, the teaching methodology based on the use of DGS Geo Gebra and 

multimedia technologies may include: 
 

- presentation of theoretical material; 
- step-by-step construction of the desired body; 

- Calculation of body volume over areas of parallel sections. 
 

The presentation of theoretical material [17] can be based on the use of presentations, video clips, 
dynamic video sequences, etc [Fig. 1]. 

 Fig. 1: The example of presentation of theoretical material. 

…………………………………………………………………………………………………………………………… 
 

Step-by-step construction of the desired body involves the use of computer mathematics systems that 

allow a dynamic review of the problem solution. Consider the application of this methodology on the basis 
of the example of solving the following problems [3]. 

 
Example 1. Find the volume of the body bounded by the paraboloids surface x^2+y^2=z and the plane 

z=3. 
 

In [Table 1], in points 1–3, the steps for constructing the target body in DGS Geo Gebra are presented. 
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Table 1: The example of step-by-step construction 

 

1. We construct the plane z = 3 and the paraboloid x² + y² = z 

  

 

 

    

2. Find their intersection using the tool   

  

 

 
 

 

 
3. We describe the body, the volume of which must be found. 

  
 

 

 

 

 

 

We note that for step-by-step viewing of the solution of the problem and dynamic visualization of the 
construction of the desired body, it is necessary to create a slider and determine the conditions for 

displaying body components for objects with different values of the slider. For example, create the slider i 
with an interval from 0 to 6 (step 1) [Table 2]. 

Table 2: Settings of slider 
   

  
i=5 

In the "Object Properties" slider dialog box, set the 
animation behavior: speed -1; repeat - increase (once). 

The objects of the desired body (point 3) are displayed 
at  
4 ≤ i ≤6, and the previous constructions (points 1-2) 

correspond to the values  
0 ≤ i ≤3. 

 

Using the results of the construction, we find the volume by means of the integral:   

  

Conic 

Parametric curve 
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Example 2. Find the volume of the body bounded by the cylindrical surface and the 

planes: z=0  and y+z=3. 
 

When calculating body volume over areas of parallel sections, we use dynamic visualization, which is 
realized by introducing the slider tc with an interval from - √5 to √5 in steps of 0.1. 

 
To move the section along the Ox axis, you need to join the x coordinate with the value of the slider t. Set 

the section using the tool      . 
 

In this example, the section is a polygon, so it is convenient to construct it by specifying the coordinates of 
the vertices parametrically: 

 

; ; 

; 

 
          

   
 

 
а) t=-2.24    b) t=-1.94 с) t=-0.64 d) t=1.04    e) t=2.24 

Fig. 2(a-e): The dynamic visualization of sections. 

…………………………………………………………………………………………………………………………… 

 

Using the results of the construction, we find the volume by means of the integral. 
 

 
 

RESULTS AND DISCUSSION 
 

Perception of the teaching material depends on the way how the educational process is organized, what is 
aimed at. That is why it is necessary to pay serious attention to the teaching methods of mathematical 

disciplines using information technology. 
 

The presented method is based on the systematic usage of information technology during teaching 
process of higher mathematics. Mathematical packages, including a dynamic geometric environment - the 

Dynamic Geometry (DGS) software systems are successful approaches for a teacher. They combine both 
multimedia and programming tools, thereby providing informatization of the educational process. 

 
The following results were obtained during the research: 

 
- using of multimedia technologies assists to improve the level of understanding of complex sections of 

higher mathematics; 
- dynamic Geometry Systems allows to make geometric constructions of the explored objects 

visualization of which help to solve tasks and view them in dynamics; 
- using of multimedia technologies and systems of computer mathematics helps to optimize the 

educational process, using time at different stages of teaching more rationally; 
- -a method based on the systematic using of IT contributes to a deep understanding of the subject and 

the development of interest in its study. 
 

Using of information and communication technologies has a great influence on the content, forms and 
methods of teaching. New educational technologies which are used during the learning process improves 

the teaching methods, allows using the visual possibilities provided by computer mathematics systems 
along with traditional methods, techniques and methods. 

 
The article proposes a technique for teaching a section of mathematical analysis related to applications of 

definite integrals during calculating of volume of shapes using multimedia technologies and graphical 
capabilities of dynamic geometry systems. The usage of the proposed method of teaching showed that 
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DGS Geo Gebra is a necessary tool to build geometric constructions of the explored objects, the 
visualization of which help to solve tasks for calculating volume of shapes.  

 

CONCLUSION 
 
The introduction of this technique is recommended due to the current level of development of information 

technology, as well as problems associated with the using of visualization of spatial modeling of objects. 
Using of multimedia technologies allows a teacher to diversify the study material with new activities, enrich 

it with visual information, increase the motivation of students and their interest to the subject. Students 
actively participate in the learning process, are trained to think independently, to protect their own points 

of view, to model real mathematical objects. 
 

The creation and development of methods based on the systematic using of information technology is a 
necessary step towards increasing the effectiveness of mathematical education.  

 

CONFLICT OF INTEREST 
There is no conflict of interest. 

 
ACKNOWLEDGEMENTS  
The work is performed according to the Russian Government Program of Competitive Growth of Kazan Federal University.  

 
FINANCIAL DISCLOSURE 
None 
 

REFERENCES 
 

[1] Agoston M. [2005] Computer Graphics and Geometric 

Modeling. Implementation and Algorithms. Springer. 

[2] Allen Leung, Arthur Man Sang Lee. [2013] Students’ 

geometrical perception on a task-based dynamic 

geometry platform. Educational Studies in Mathematics. 

82:361–377. 

[3] Berman GN. [2005] Collection of problems on the course 

of mathematical analysis. Moscow: Science.  

[4] Denisova M. [2016] Application of the Geo Gebra 

interactive environment in the study of a definite integral. 

VI International Scientific-Practical Conference 

Mathematics education in school and university: theory 

and practice. 218-220. 

[5] Gainutdinova T, Denisova M, Shirokova O. [2016] 

Innovative Teaching Methods in Formation of 

Professional Competencies of Future Mathematics 

Teachers. International Forum on Teacher Education 

Collection of IFTE 2017, The European Proceedings of 

Social & Behavioral Sciences EpSBS. 197-205.  

[6] Gainutdinova T, Shirokova O. [2016] Features of 

Professional Teachers Training of Informatics in a 

Programming Course. International Forum on Teacher 

Education Collection of IFTE. The European Proceedings 

of Social & Behavioral Sciences EpSBS. 12:30-37.  

[7] Hohenwarter M, Hohenwarter Ju. Introduction to 

GeoGebra.  http://www.geogebra.org /book /intro-en. 

[8] Knyazeva G. [2010] Application of multimedia 

technologies in educational institutions. Vestnik VUIT.  

URL: http://cyberleninka.ru/article/n/primenenie-

multimediynyh-tehnologiy-v-obrazovatelnyh-

uchrezhdeniyah. 

[9] Larin S. [2015] Computer animation in the environment 

of GeoGebra in the lessons of mathematics: a textbook. 

[10] Piskunov N. [1978] Differential and Integral Calculus. 

Moscow: Science. 

[11] Salomon D. [2006] Transformations and Projections in 

Computer Graphics Springer. 

[12] Sozcu Omer F, Ziatdinov R, Ipek I. [2013] The effects of 

computer-assisted and distance learning of geometric 

modeling. European Journal of Contemporary Education. 

1-2(39):175-181. 

[13] The State Program of the Russian Federation 

Development of Education for 2013-2020 [2014]. 

Government of the Russian Federation.  

[14] Voevodin V, Voevodin Vl. [2003] Electronic educational 

tools: new ideas.   Mathematics in Higher Education. 

1:11-20. 

[15] Zaripov F. [2016] Development and introduction of a 

system for the preparation of a teacher of mathematics 

and computer science on the basis of methods of 

mathematical, didactic modeling and interdisciplinary 

connections Materials of the International Scientific and 

Practical Conference ITES. 33-40. 

[16] Ziatdinov R, Rakuta V. [2012] Dynamic geometry 

environments as a tool for computer modeling in the 

system of modern mathematics education. European 

Journal of Contemporary Education. 1(1):93-100. 

[17] http://www.geogebra.org/cms/rn/institutes   

 
 


